show how easily people can have misperceptions in everyday situations. Such illusions occur when there are inconsistencies between physical events and the perception of those events.
The research presented here is based on Gibson and Radner's (1937) work on the tilt illusion (TI). The TI is an illusion of orientation where a vertical line appears to be rotated away from nearby, slanted inducing, or background lines (see Figure 1 ). Gibson and Radner also studied the tilt after effect (TAE), where inducing lines that are tilted from the vertical axis are shown to the participant for a brief period of time and then the stimulus is removed. The tilted lines are replaced with a single line that they must adjust to the vertical axis. The TAE is observed when the subject's line adjustment consistently deviates from the vertical in the same direction as the previously shown inducing lines. For both the TI and the TAE, direct and indirect effects can occur. Direct (contrast) effects occur when the test line appears to be rotated away from the inducing lines and can be found when the angular separation between the test and inducing lines are in the range of 0-50º. In a direct effect, the acute angle appears to expand. An indirect (assimilation) effect, on the other hand, occurs when the test line appears to be rotated towards the inducing line and can be found when the angular separation is greater than 50º. In an indirect effect, the acute angle appears to contract. Gibson and Radner (1937) explained the TAE illusions by a process they called normalization. Through normalization, Gibson and Radner hypothesized that the TAE occurred because prolonged assessment of the tilted inducing stimulus lines resulted in adapting the tilted lines to local cues. Thus, inducing lines that are tilted 15º from vertical will seem less tilted after inspection. Because the whole visual field appears to be tilted towards the vertical axis, an objectively vertical line will appear to be tilted in the opposite direction. This theory is not well supported by the data (Wenderoth & Johnstone, 1988) . The normalization theory predicts that the direct and indirect TI should be symmetrical, changing from direct to indi-ELLEN L. SCHROEDER
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The tilt illusion (TI) is an illusion of orientation where a vertical line appears to be rotated away from slanted inducing lines. The apparent divergence of the 2 lines is called angle expansion. We hypothesize the TI is the sum of 2 mechanisms, one producing angle expansion which is limited to local cues, and the other angle contraction which is affected by global cues. Participants made judgments about the horizontal alignment of 2 dots presented in the gap between 2 fields of slanted lines. We varied the slope of the lines and the gap size. As predicted, by reducing local cues by introducing a blank gap between the fields of slanted lines, we found a TI characterized by angle contraction.
rect as the angle increases beyond 45º. However, the direct TI is effective over a wider range of angles than is the indirect effect. In addition, the direct TI is a much stronger illusion.
The lateral inhibition theory (e.g., Blakemore & Tobin, 1972) is another attempt to explain the tilt illusion. When a bar or contour is presented in the visual field, certain neurons that are tuned to detect orientation are stimulated. This theory proposes that there are thousands of orientation-selective neurons (Virsu & Taskinen, 1975) within the cortex, each programmed to recognize only specific line orientations. However, what happens when two different bars or contours are detected simultaneously? Researchers (e.g., Virsu & Taskinen, 1975; Wenderoth & Johnstone, 1987) hypothesized that the two activated neurons will inhibit each other, thereby activating two different neurons that are attuned to more extreme orientations.
The process of lateral inhibition can explain angle expansion but cannot explain angle contraction. Thus, lateral inhibition cannot explain the indirect TI, which is characterized by angle contraction. Wenderoth and Johnstone (1988) evaluated the effects of a variety of factors known to affect the magnitude of the direct TI. Wenderoth and Johnstone (1988) sought to investigate the possible role of lateral inhibition on the TI with inducing lines that produced the direct TI (15º) and the indirect TI (75º). In a series of experiments, they manipulated variables that were known to reduce lateral inhibition, (e.g., increased spatial separation between the test and inducing lines). They found that each variable decreased the direct TI, while leaving the indirect TI unchanged. They concluded that there are different underlying mechanisms for the direct and indirect TI. Kitaoka and Ishihara (2000) reported a series of studies trying to understand the differences between the Zöllner illusion and the TI. The Zöllner illusion (see Figure 2 ) is when horizontal lines do not appear to be parallel when the horizontal lines contain short, slanted, inducing lines. They noted that the Zöllner illusion showed acute angle expansion between 0º and 90º, while the TI resulted in apparent angle expansion from 0º to 50º, and apparent angle contraction from 50º to 90º. They concluded that the Zöllner illusion was produced by the sum of two mechanisms: an expansion and a contraction mechanism. The expansion mechanism, produced by reciprocal inhibition, results from local cues and is effective over a relatively smaller range of angles (0º-50º). Local cues are stimuli that are near to the focal point of interest. Further, the expansion mechanism is hypothesized to produce stronger illusory effects than the contraction mechanism. On the other hand, the contraction mechanism is probably attributable to higher processes. The contraction mechanism is hypothesized to be caused by global cues, cues anywhere in the visual field, and is equally effective over a broad range of acute angles. Kitaoka and Ishihara's (2000) third experiment is of particular interest in that indirect effects are observed where there is a small acute angle (27º) between the inducing lines and the test line. Ordinarily, strong direct effects would be observed under these conditions. Their participants viewed a vertical line superimposed on ten inducing lines slanted 27º from vertical. In the no gap condition, the inducing lines 
FIGURE 2
The Zöllner illusion is when horizontal lines do not appear to be parallel when the horizontal lines contain short, slanted, inducing lines.
were continuous with the vertical test line in the center. For three other groups, the center portion of the inducing lines was removed resulting in .5º, 1.0º, and 2.0º gaps (measured in degrees of visual angle), and the test line was in the center of the gap. They observed angle expansion in the no gap condition which is the typical finding. However, they found equal apparent angle contraction in the three gap conditions. According to their model, as the gap increases, local cues are reduced leaving only global cues. Thus for the no gap condition, both local and global cues are present and both the expansion and contraction mechanism are active. Since the expansion mechanism is stronger, the observed effect is apparent angle expansion. As the local cues are removed, we should expect less contribution of the expansion mechanism. The net result should be stronger apparent angle contraction with larger gap size. Kitaoka and Ishihara (2000) were not able to explain their finding of equal angle contraction for the three gap conditions. We suggest that their method of producing a gap by "erasing" the center of the lines confounds gap size with line length. In their second experiment, they demonstrated that the indirect TI increases with increased line length. In the present experiment, we examined the effect of the size of the gap between two fields of inducing lines while keeping line length constant.
We used a different method of measuring the size of illusion than the one used by Kitaoka and Ishihara (2000) . To evaluate the illusory effects, their participants compared the test line with a comparison line located to one side of the display. We were concerned about the possibility that both the test line and the comparison line could be influenced by the inducing lines. When the participants shifted their eyes from the test line to the comparison line, there could be the possibility of a TAE. In the following experiment, we asked participants to make judgments about the horizontal alignment of two dots presented on a computer monitor. Shimamura and Prinzmetal (1999) used this technique to assess the TI with dots superimposed on a field of slanted inducing lines. They found the direct TI to be greatest with inducing lines that were tilted 15º-20º from the axis of judgment. In our experiment, two rectangular fields of slanted inducing lines were displayed above and below the dots. We varied the size of the gap between the fields of inducing lines as well as the slopes of the inducing lines.
Based on Kitaoka and Ishihara's (2000) two-process model, the gap between the inducing lines and the dots should reduce the local cues and result in angle contraction and an indirect TI. Further, we predicted that as the gap size increases there would be fewer local cues and the relative contribution of the direct effects should become smaller compared to the indirect effect. Specifically, we predict the magnitude of the indirect effects will increase with gap size.
Method Participants
The participants were students from Introduction to Psychology classes at the University of Wisconsin-Stevens Point who volunteered as one of the ways to satisfy a course requirement. Three data sets had to be discarded when these students failed to follow the instructions, leaving 27 students, 6 men and 21 women.
Apparatus and Stimuli
The Cognition Laboratory consists of four computer workstations in adjoining 3.7 by 5.5 m cubicles. Each workstation includes a Gateway ® computer with 17-inch monitors and standard keyboard. The resolution for each screen was 1024 pixels by 768 pixels (one pixel = approximately .22 mm). The participants were directed to sit a comfortable distance (about 65 cm) away from the computer screen. The overhead lights were dimmed.
The dimensions of stimulus elements were presented in degrees of visual angle (1.22º, 2.19º, and 3.15º) assuming a viewing distance of 65 cm. All stimulus elements were displayed in white on a black background. Each display consisted of two dots (.19º in diameter) located equidistant from the horizontal center of the screen with a horizontal distance of 8.9º between centers (see Figure 3 ). The left dot was sta- THE EFFECT OF LOCAL AND GLOBAL VISUAL CUES Schroeder and Levendusky
FIGURE 3
An example of the dots and inducing lines used in the experiment. The participant must judge whether the right dot is above or below the left dot. The fields of inducing lines located above and below the dots vary in line slope and the width of the gap between the fields.
tionary and was centered vertically. The initial position of the right dot was either above or below the center of the screen, and its vertical position would change after the participant's response. The two dots were presented in the midst of two fields of parallel lines located above and below the dots. Each field (25.2º wide by 2.2º high) was horizontally centered and consisted of slanted lines .2º apart.
Procedure
Each student came into the computer lab and was seated at one of the computer workstations. The students read instructions about the experiment that were displayed on the computer screen. They were informed that they would be presented with two dots in the center of the screen. The students were instructed to indicate whether the right dot was above or below the left dot by pressing the up and down arrow key, respectively. After they made a response, the right dot would disappear briefly. They were told that when the dot reappeared they should make a new judgment, above or below. After about 20 to 30 judgments, the screen was cleared to black for about 4 s.
Then they saw a new display and made another series of judgments.
Each series of judgments used a double randomly interleaved stair step technique (Wetherill & Levitt, 1965) to determine the point of subjective horizon (PSH). One stair step was ascending and the other descending. The vertical starting location for the right dot in the ascending and descending series varied randomly for 20 to 40 pixels below and above the true horizon, respectively. On the descending series, the student would respond to the dot by pressing the up or down arrow key. The right dot would disappear for 200 ms. If they pressed the up arrow key, the dot would reappear 8 pixels lower on the screen. When the student changed their response, pressing the down key, the dot would reverse and move up by 8 pixels. For the next pair of reversals, the dot would move 2 pixels for each stair step. For the remaining 4 pairs of reversals the dot would move by a single pixel. Since the ascending and descending stair steps were randomly interleaved the student could not discern the stair step pattern. Gap size in degrees of visual angle. reversals for both ascending and descending series. These measurements were then expressed as the slope of the imaginary line connecting the two dots with respect to the horizon. The sign of the slope was positive if it was in the same direction as the inducing lines, indicating angle expansion, and a negative sign indicated angle contraction.
Absolute Line Slope (in degrees) Mean Magnitude of Tilt-Induced Illusion
Each student made PSH judgments for 24 experimental conditions and 1 control condition. For the control condition, there were no inducing lines. The first of three independent variables was the size of the gap separating the fields of slanting lines (1.22º, 2.19º, and 3.15º of visual angle). In addition, we varied the absolute slope of the inducing lines (5º, 15º, 25º, and 35º) and the direction of slope, clockwise (CW) and counterclockwise (CCW).
Results
To evaluate group bias in making horizontal judgments, the mean of the PSH judgments for the control condition was not found to be significantly different from zero: the mean was -.129º (a small CW departure from the horizon), t(26) = .95, p = .349. Because no bias was detected, no bias adjustment was made for the experimental trials.
The magnitude of the TI in degrees was calculated for each observation. The sign of the magnitude of the TI is positive when the PSH tilts in the same direction as the background lines, showing angle expansion. When the sign is negative, it indicates angle contraction. The magnitude of TI was submitted to a within-participants analysis of variance with gap size (1.22º, 2.19º, and 3.15º of visual angle), absolute slope (5º, 15º, 25º, and 35º), and direction of slope (CW, CCW) as factors. The critical values for the F's were adjusted using Huynh-Feldt's Epsilon (Oehlert, 2000) . Figure 4 presents the magnitude of the tilt illusion plotted against the absolute slope of the background lines for the three gap sizes. There was a significant main effect of absolute slope, F(3, 78) = 20.89, MSE = .55, p < .01. Figure 4 shows little or no illusion for the 5º slope condition and a maximum TI showing angle contraction with the 15º inducing lines. The magnitude of the TI gradually declines with greater slope of the inducing lines. The means of the magnitude of the illusion for the 15º, 25º, and 35º absolute slope conditions (-.46º, -.35º, and -.15º, respectively) were all significantly different from zero, t(26) = -5.51, p < .01; t(26) = -7.49, p < .01; and t(26) = -5.2, p < .01, respectively. The mean illusion for the 5º absolute slope condition (.15º) was not significantly different from zero, t(26) = 1.99, p = .06.
Although the main effect of gap is not significant, F(2, 52) = 2.56, MSE = .17, p = .09, there is a signifi-cant gap X absolute slope interaction, F(6, 156) 4.12, MSE = .22, p < .01. The data were separated into four groups by slope to perform a simple main effects analysis for each gap. The only significant simple main effects analysis of gap was at the 15º slope, F(2, 52) = 17.70, MSE = .14, p < .01. Figure 4 shows that the TI increased (with negative values indicating angle contraction) with gap size for the 15º slope, but there was little effect of gap for the other absolute slopes. The slope functions show a stronger downward bow with larger gap sizes.
The magnitude of the illusion did not differ for the CW (-.205º) and CCW (-.200º) orientation of the inducing lines, F < 1. This was evidence that the illusion was the same in both orientations. There was, however, a significant direction X absolute slope interaction, F(3, 78) = 2.86, MSE = .19, p = .04. None of the other two way or three way interactions were significant.
Discussion
Our hypothesis that peripherally located inducing lines would produce an angle contraction was confirmed. In addition, the angle contraction became stronger with increasing gap size for the 15º inducing lines. These findings are consistent with the results from Kitaoka and Ishihara's (2000) third experiment. Using a very different procedure, Kitaoka and Ishihara's participants viewed a central vertical line with 27º inducing lines. Their participants inspected a comparison line that was located to the right of the display and selected the comparison line that appeared to match the orientation of the target line. They found a direct TI when there was no gap, however, as they erased the inducing lines in the middle of the display to produce a gap, they observed an indirect TI. Kitaoka and Ishihara (2000) proposed a model that includes an expansion mechanism that is the result of local stimulation and a contraction mechanism that is sensitive to global stimulation. Although our results are generally consistent with this proposal, there are some details from our study's results that are inconsistent. For example, Kitaoka and Ishihara proposed that the angle contraction mechanism should produce a similar level of angle contraction over a wide range of line slopes. In contrast, we found that angle contraction strongly varied with the absolute line slope with the largest TI at 15º.
An alternate explanation for the indirect effects of the peripherally located inducing lines has its origin in our incidental observation that the entire field of lines appears to tilt in the opposite direction of the lines themselves. The implicit lines that are formed by the ends of the inducing lines that are nearest the dots are objectively horizontal, but they appear to tilt in the opposite direction of the inducing lines. Thus the inducing lines and the implicit boundary lines should have an opposite effect on the target dots. The inducing lines should produce angle expansion and the implicit lines should result in angle contraction. The observed TI should be the net sum of these two mechanisms. Our greatest indirect TIs were observed for inducing lines in the 15º-25º range. In the direct TI, where the dots are superimposed onto the field of inducing lines, Shimamura and Prinzmetal (1999) found the largest direct TIs in the 15º-20º range. We should expect the rectangular frame to appear to tilt the most when they contain lines with slopes in that range. Thus, we should expect that the indirect effects of the implicit boundary lines should be maximal when the lines themselves have a slope of 15º-20º.
Why should the implicit lines provide a stronger influence than the lines themselves? Shimamura and Prinzmetal's (1999) Orientation Framing Theory stated that orientation frames were driven by local cues. We argue that the implicit lines would have a greater influence because of their close proximity to the dots. As the gap gets wider, the relative importance of the implicit lines in relation to the inducing lines increases.
